SUMMARY. Developmental changes in the cardiac effects of antiarrhythmic drugs have been noted in the clinical setting. To study whether these might in part be based on developmental differences in drug effects on the transmembrane potential, we used standard microelectrode techniques to study the effects of lidocaine on the transmembrane potentials of Purkinje fibers from adult and young dogs. Control studies of membrane responsiveness and steady state recovery kinetics of V max showed no age-related differences in these variables. Lidocaine reduced V ma * of adult fibers to a greater extent than that of young fibers at basic drive cycle lengths of 1000 and 400 msec. The number of beats to reach steady state V max at basic drive cycle length of 400 msec was smaller in adult than in young fibers. Both tonic and use-dependent block appeared to be greater and to develop more rapidly in the adult than the young fibers. Moreover, fibers from young dogs recovered more rapidly from the effects of lidocaine than did adult fibers. These data suggest there are developmental changes in the tonic and use-dependent effects of lidocaine that may contribute to age-related differences in drug effect. (Circ Res 55: 633-641, 1984) IN the clinical setting, young individuals may tolerate higher doses and plasma levels of some cardioactive drugs than adults, without manifesting cardiotoxicity (Gelband et al., 1971; Mortimer et al., 1960) . Whether such developmental changes in drug tolerance are related to drug metabolism and excretion and/or to drug effects at the cellular level is incompletely understood. Recent studies (Mary-Rabine and Rosen, 1978; Ezrin et al., 1978) have suggested that for lidocaine and procaine amide, the manifestations of drug effect at the cellular level change with age. Our purpose here is to report the developmental changes that occur in the interactions of lidocaine with cardiac canine Purkinje fibers. We studied lidocaine because microelectrode experiments have shown that Purkinje fibers from neonatal dogs require greater lidocaine concentrations to reduce V max and to depress membrane responsiveness than do fibers from adults (Mary-Rabine and Rosen, 1978) . We used an indirect means for studying the drug-receptor interaction and its effect on the fast inward current; that is, we relied on measurements of V max and the phenomenon of use dependence to provide us with indications of this interaction. The use of either V max or direct measurements of the fast inward current to describe the drug-receptor interaction has been reported previously in heart and in nerve (e.g., Chen and Gettes, 1975; Courtney, 1975; Hille, 1977; Hondeghem and Katzung, 1977) .
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Methods
We studied healthy adult and young (<1 month old) mongrel dogs of both sexes. The dogs were anesthetized with pentobarbital sodium, 30 mg/kg, iv (adult), or ip (young). The heart was removed rapidly through a lateral thoracotomy (adult) or median sternotomy (young), and placed in cold Tyrode's solution containing (ITIM): NaCl, 131; NaHCO 3 , 18; KC1, 4.0; NaH 2 PO 4 , 1.8; CaCl 2 , 2.7; MgCl 2 , 0.5; dextrose, 5.5. Free-running Purkinje fiber bundles and attached myocardium were removed from both ventricles. In some experiments, adult subendocardial Purkinje fiber preparations also were excised and studied (see "Results" for an explanation of the use of subendocardial fibers). The tissues were placed in a Lucite chamber perfused with Tyrode's solution that was maintained at 37°C using a glass heat exchanger. The Tyrode's was equilibrated with 95% O 2 -5% CO 2 . The pH in the tissue bath was 7.3. The chamber was connected to ground using a 3 M KCl-Ag-AgCl interface.
The fibers were stimulated at a cycle length of 1000 msec with rectangular current pulses delivered through Teflon-coated bipolar silver wire electrodes (Bigger et al., 1968) . Purkinje fibers were impaled with 3 M KCl-filled glass capillary microelectrodes with resistances of 10-25 mil. The microelectrodes were coupled by a 3 M KG interface to an Ag-AgCl junction leading to a preamplifier with high input impedance and input capacity neutralization. Signals were calibrated using previously described techniques (Rosen et al., 1973) and displayed on a cathode ray oscilloscope. Records were photographed, using Polaroid film.
The maximum slope of phase 0 of the action potential (Vma,) was obtained by electronic differentiation with an operational amplifier and was calibrated using a sawtooth pulse with an amplitude of 100 mV and rising slope of 200 V/sec injected between the bath and ground (Rosen et al., 1973) . This was linear over a voltage range of 100-900 V/sec. Continuous recordings of the transmembrane potential and V^,, were made with a strip chart recorder and a peak hold unit (Gintant et al., 1983) .
For each experiment, the preparation was stimulated, impaled with microelectrodes, and allowed to equilibrate for 1 hour before control measurements were made. During control and at intervals after superfusion with lidocaine, the following measurements were made: maximum diastolic potential, action potential amplitude, activation voltage (the level of membrane potential at which phase 0 of the action potential was initiated), action potential duration to 50% repolarization (APD 50 ), action potential duration to full repolarization (APD ]O o), and V max .
In our experiments on use dependence, we used the definitions provided by Gintant et al. (1983) ; tonic block was considered to be a "drug-induced reduction of V max which is present at low frequencies of stimulation" at the resting membrane potential of the fibers studied, and usedependent block, "the modulation of the drug-induced reduction of V max caused by changes in the rate of electrical activity." To identify those frequencies of stimulation that were sufficiently low to permit the study of tonic block, we performed five preliminary experiments. Here, adult Purkinje fibers were stimulated at basic cycle lengths (BCL) of 5 minutes, 1000 msec, and 400 msec during control and 30 minutes after the onset of superfusion with lidocaine (8 mg/liter). Membrane potential was adjusted in the region of the voltage recording electrode by injecting current (via a WPI S-7071A electrometer) through an intracellular microelectrode placed immediately adjacent to the recording microelectrode. Given the size of the preparation and the point source of current, the adjustment of membrane potential was local, rather than uniform, throughout the preparation. A third microelectrode was placed in the superfusate immediately adjacent to the fibers to permit the monitoring of 0 potential. The extent to which lidocaine reduced V max during stimulation at BCL of 5 minutes and 1000 msec was not different. To demonstrate, at BCL of 5 minutes and 1000 msec, the control V max was 792 ± 26 and 802 ± 38 V/sec (mean ± SE), respectively. After 30 minutes of superfusion with lidocaine, 8 mg/liter (a period sufficiently long to permit attainment of a steady state effect; see Mary-Rabine and Rosen, 1978 ) the values had decreased to 632 ± 41 and 638 ± 44 V/sec. Although each value differed from its control (P < 0.01)-indicating the presence of drug effect-the two values did not differ from one another (P > 0.05). We therefore thought that at a BCL of 1000 msec we could assume the presence of tonic, but not usedependent, block, and we used this cycle length to study tonic block. For the study of use-dependent block, we used a BCL of 400 msec, at which (in the same experiments described above) V max was reduced from 638 ± 44 V/sec (at BCL = 1000 msec in the presence of lidocaine, 8 mg/ liter) to 572 ± 38 V/sec (P < 0.01).
Membrane responsiveness was studied by introducing premature stimuli after every eighth conditioning response at a BCL of 1000 msec. These were moved progressively earlier during action potential repolarization. V max and the takeoff potential of the premature beat were measured, and the membrane responsiveness curve was constructed as described by Weidmann (1955) .
We also studied steady state V^, during K + -induced depolarization (Chen and Gettes, 1976) (Gettes and Reuter, 1974) .
The recovery kinetics of V rwx were assessed by introducing a premature stimulus after every eighth conditioning impulse at BCL of 1000 msec. The interval between the conditioning and premature responses was progressively decreased, and V max of the premature response was expressed as a function of the interval between the temination of phase 3 of the conditioning action potential and the onset of the premature action potential (i.e., the termination of phase 3 = 0 msec and the time from this "0" reference to the upstroke of the premature action potential was measured). This interval was referred to as the diastolic interval (Gettes et al., 1974) . Time constants were derived by least squares regression.
Data Analysis
Only experiments in which a single impalement was maintained throughout were included in the data analysis. The effect of lidocaine on V max at various BCL was assessed using an analysis of variance. An analysis of variance nested for age was used to compare developmental differences in use dependence. The difference of means between any two or more groups was assessed by applying Scheffe's test (Snedecor and Cochran, 1967) . The variance term in the denominator of the statistic was the mean square quotient due to error in the ANOVA table. P < 0.05 was considered significant. Results were expressed as mean ± SE.
For the comparison of curves relating V max to membrane potential (Figs. 4 and 5), the following method was used: first, curves were constructed for the individual experiments. From each of these curves, values for V max were identified at the same membrane potentials (i.e., -80, -75, -70 . . . etc. mV). For each curve, the mean ± SE for each level of membrane potential then was calculated. Intercomparison of curves was done using a nested analysis of variance (see above). When significant differences among curves are referred to in the text, this indicates that the slopes of the curves were identified as being either parallel but not superimposible (i.e., symmetrically shifted) or neither parallel nor superimposable.
As an alternate means of analysis for the experiment described in Figure 5 , we used the formulation described by Weidmann (1955) , where:
A least squares linear fit to the following equation was calculated
where h is the fraction of the highest value observed for V max ; V, the activation voltage in mV; V h , the potential at which V max is V i maximal, and K is the slope.
Results
The control transmembrane potential characteristics of adult and young Purkinje fibers are presented in Table 1 . We deliberately selected fibers from young dogs in which the control V max did not differ significantly from that in fibers from adults. As reported in earlier studies (Rosen et al., 1975) , the maximum diastolic potential in the young fiber bundles was less negative than that of free-running Control Udo BCL = 1000 msec Adult (free running) 131 ± 1 127 ± 2 90 ± 1' 88 ± 1 626 ± 13 567 ± 151 220 ± 10$ 130 ± 411 350 ± 16* 270 ± 111 (n=ll) Young (free running) 126 ± 2 124 ± 2 87 ± 1 86 ± 1 586 ± 15 552 ± 18 170 + 5 130 ± 511 270 ± 8 240 ± 8|| (n = 13) Adult subendocardial 125 ± 1 § 122 ± 2 86 ± 0.3 § 85 ± 1 590 ± 10 481 ± 1711 180 ± 10 § 130 ± 711 2 8 0 ± l l § 230 ± 61 (« = 6) BCL = 400 msec Adult (free running) 130 + 1 126 ± 2|| 89 ± 1 88 ± 1 622 ± 13 516+1311 150 ± 5f 100 ± 51 280 ± 14f 230 ± 811 (» = 11) Young (free running) 127 ± 2 124 ± 2 87 ± 1 86 ± 1 582 ± 15 519 ± 1711 130 ± 3 100 ± 31 240 + 8 210 ± 611 (" = 13) Adult subendocardial 126 ± 2 120 + 11| 86 ± 11| 85 ± 1 573 ± 20 425 ± 16H 140 ± 6 110 ± 611 250 ± 8 210 ± 711
Results are expresssed as mean ± SE. AP amp = action potential amplitude; MDP = maximum diastolic potential; V rate of rise of phase 0; APD 50 and APDioo = AP duration to 50% and full repolarization, respectively; Lido = lidocaine.
• P = 0.05 1 fP<0.02 i ±P<0.01 > cf young. %P § P < 0.05 cf adult free running. || P < 0.05 cf control. HP<0.01 cf control.
= maximum
Purkinje fibers from adults, and action potential durations in the young free-running Purkinje fiber bundles were shorter than those from adult fibers. Because there are significant differences in action potential duration of young and adult free-running Purkinje fibers, and these may influence the study of use-dependent block, we also studied a population of adult subendocardial Purkinje fibers whose action potential characteristics-including duration-did not differ from those of the young fibers (Table 1) .
The effects of lidocaine (8 mg/liter) on the transmembrane potential characteristics of each group of fibers are shown in Table 1 
clarity). Control action potentials in the freerunning fibers from the young dog (panel A) and the subendocardial fiber from the adult dog (panel Q have shorter action potential durations than the free-running adult fiber (panel B). The effect of lidocaine on action potential duration is greater in the adult free-running fiber than in the adult subendocardial and young fibers at both BCL V^ of the young fiber during control is slightly less than that of both adult fibers. In the presence of lidocaine, there is a greater reduction of V ma in the adult fibers.
amplitude and V max at BCL of 1000 msec had no significant effect on these variables in young fibers (Mary-Rabine and Rosen, 1978) . Developmental changes in the effects of lidocaine on both tonic and use-dependent block once a steady state was established at any cycle length is shown in Figure 2 . Here, the percent of peak V max of young and adult fibers is shown at BCL of 1000 msec (tonic block) and BCL of 400 msec (use-dependent block). Lidocaine induced a significantly greater depression of V max at both cycle lengths in the adult free-running and subendocardial fibers than in the young fibers. These data suggest that, under steady state conditions of drug exposure and stimulation rate, there is a greater magnitude of both tonic and use-dependent block in fibers from adults than in those from the young.
That there also was a developmental change in the rate of development of use-dependent block is shown in Figure 3 . Here, preparations initially were driven at BCL of 1000 msec. After 30 minutes of superfusion with lidocaine, 8 mg/liter, BCL was changed abruptly to 400 msec. Whereas, in the adult free-running and subendocardial fibers, V max reached a new steady state value with the first beat at BCL of 400 msec, it was not until the third beat that the young fibers attained a new steady state. Although one might interpret these data as suggesting the rate of development of use-dependent block in the young was slower than in the adult fibers, this difference also might be a function of the rate of change to equilibrium value of the action potential duration (Mary-Rabine and Rosen, 1978 for V max was attained in <3 beats, the time to steady state for action potential duration in all three groups exceeded 30 seconds. No relationship between the change in duration and that in V max was seen. The effects of lidocaine on membrane responsiveness and on steady state V max during K + -induced depolarization are reviewed in Figures 4 and 5. The control membrane responsiveness curves are shown as the filled symbols in Figure 4 . When tested using nested analysis of variance (see Methods), those fibers with short action potential durations during control (adult subendocardial and young free-running fibers) have curves that exist at more negative potentials than those of the adult free-running fibers (panel B, p < 0.025). This suggests that it is the rate of action potential repolarization, rather than age, that is a major determinant of the differences in the control membrane responsiveness curves. The effects of lidocaine, 6 mg/liter, on membrane responsiveness are shown as the unfilled symbols in Figure  4 . For all three groups, membrane responsiveness curves were shifted to more negative potentials by lidocaine (P < 0.01 cf control. Figure 4A ). When the curves were expressed as percent of control V max (Fig. 4B ), lidocaine induced a larger shift to more negative potentials for adult free-running fibers (P < 0.01) than for young and adult subendocardial fibers. This suggests that the prime determinant for the effect of lidocaine on the membrane responsiveness curve is not age. Rather, if action potential duration is long, there is a greater increment in block of the fast (Na + ) channel, and this, in turn, influences the responsiveness curves.
The effect of lidocaine on the relationship between membrane potential and V max also was studied using K + -induced depolarization (Fig. 5) . In panel A, the filled symbols show the absolute values of V max plotted as a function of the resting transmembrane potentials of fibers stimulated at BCL of 1000 msec and depolarized with KC1. There were no significant differences among the three curves. In Figure 5B , the curves were normalized with respect to the highest value for V max in each series. Again, there were no significant differences among the three control groups (filled symbols).
The effects of lidocaine, 6 mg/liter, on the V max during K + -induced depolarization also are shown in Figure 5 (unfilled circles). In both panels A and B, lidocaine shifted the curves downward and to the left from control (P < 0.05, panel B). Whereas all three lidocaine curves differed from control, they did not differ from one another (P > 0.05). This suggests that lidocaine induced equivalent changes in the voltage dependence of steady state V max at both ages.
We also used the conventional formulation expressed by Weidmann (1955; see Methods) to test the curves obtained using K + depolarization. During control, in Figure 5 , the membrane potential at which V max was half maximal (V h ) was -69.1 ±0.3 mV for the young fibers, -68.9 ± 0.6 mV for the free-running adult fibers, and -69.1 ± 1.3 mV for the adult subendocardial fibers. These did not differ significantly from one another. In the presence of lidocaine, 6 mg/liter, the respective values were -71.8 ± 0.7, -74.2 ± 0.8, and -72.5 ± 1.3 mV. All three values differed from their respective controls (P < 0.05) but not from each other. When we calculated the slopes of the three curves (K), these, Results are expressed as mean ± SE. Abbreviations are as in Table 1 . * P < 0.05 cf young. f P < 0.05 cf adult free running.
too, did not differ among the three groups during control or after superfusion with lidocaine. This result is entirely consistent with that obtained using the nested analysis of variance in Figure 5 . The final set of experiments was designed to study recovery of V max from the effects of lidocaine. Again, three groups of fibers were used: adult free-running Purkinje fibers (having long action potential durations) and adult subendocardial and young freerunning fiber bundles (having equivalently short action potential durations) ( Table 2 ). To evaluate the recovery of V max during control, we plotted this variable against the diastolic interval (Fig. 6) . The recovery kinetics of V max of fibers having short action potential durations (i.e., the young free-running and adult subendocardial controls) differed significantly from those of adult free-running fibers having long action potential durations. The time constants (r) for the control groups were, young 19 ± 16.2, and adult subendocardial, 33 ± 12.8 (P > 0.05); (the line was flat for adult free-running fibers).
The steady state recovery kinetics of V max during lidocaine superfusion in the two adult groups and the young group are shown in Figure 7 . The time constant for recovery, T, of the young fibers was 98 msec. This was a 5-fold increase over control. Moreover this time constant is significantly shorter (P < 0.05) than that for the adult free-running (T = 176 msec) and subendocardial (T = 236 msec) fibers (the latter was a 7-fold increase over control).
Discussion
We studied two different variables; first age-related differences in V max , and second, the possible modulation by age of the effects of lidocaine on V m ax. Although we had demonstrated previously (Reder et al., 1981) that the V max of adult cardiac Purkinje fibers is significantly greater than that of neonatal fibers (even when the two are measured for action potentials originating at comparable levels of membrane potential), for the purpose of the present study we deliberately selected populations of adult and young Purkinje fibers that had comparable V max and resting membrane potentials. This was done because membrane potential is an important determinant of the effect of antiarrhythmic drugs on V max (Chen et al., 1975; Hille, 1977; Gintant et al., 1983) . In our studies, the control membrane responsiveness curves (Fig. 4, filled symbols) appeared not to differ with age, but rather with action potential duration: that is, those adult fibers having short action potential durations and the young fibers (all of which had short action potential durations) had membrane responsiveness curves similar to one another and different statistically from those of the adult fibers with longer action potential durations.
When we studied recovery kinetics of V max (Fig.  6) , we again found the major difference to be based on action potential duration rather than age; that is, for those adult fibers having long action potential durations, there was full recovery at the time of complete repolarization. In contrast, both the adult fibers with short action potential durations and the neonatal fibers showed incomplete recovery at the termination of repolarization. Using the technique of K + -induced depolarization of the membrane, (Fig.  5 , filled symbols) there were no differences among the three groups of fibers. This suggests that depolarization of the membrane reduces V max equivalently for both age groups. Summing up these control studies of membrane responsiveness, recovery of V max from inactivation, and K + depolarization, it appears that the three groups of fibers studied were comparable except for those changes that could be explained by differences in action potential duration. Age did not appear to be a significant factor here.
Considering the effects of lidocaine, we first attempted to compare our results with those of other investigators who had studied adult tissues. Chen et al. (1975) reported the effects of lidocaine on steady state characteristics and recovery kinetics of V max in guinea pig ventricular myocardium. They found that lidocaine induced a concentration-dependent decrease in V max that was of greater magnitude when resting membrane potential was < -80 mV. In studies of steady state characteristics of V max/ lidocaine depressed the V max in a concentration-dependent fashion at all levels of membrane potential, as well as depressing the normalized membrane responsiveness curve along the voltage axis in the direction of more negative membrane potentials. In studies of membrane responsiveness, there again was a shift along the voltage axis in the direction of more negative potentials. However, using the membrane responsiveness technique, in which the membrane is incompletely repolarized, the shift was greater than that in the steady state inactivation curve. They also showed lidocaine to prolong the recovery time constant of V max in a concentration-dependent fashion. Our results with adult Purkinje fibers are similar to those of Chen et al. (1975) and of Weld and Bigger (1975) . To illustrate, in the experiments on membrane responsiveness and on K + -induced depolarization, lidocaine shifted the relationship on the voltage axis in the direction of more negative potentials (Figs. 4 and 5) and prolonged the recovery time of V max .
The fibers from the young dogs differed markedly in their responses to lidocaine from both adult groups. First, we have shown that lidocaine causes greater use-dependent and tonic block in the adult than in the young (Fig. 2) , and that the rate of development of use-dependence in the young is slower than that in the adult for the same drug concentration (Fig. 3) . Whether V max was measured during stimulation at 5-minute intervals or at 1-second intervals, lidocaine induced a significantly greater depression of V max of adult fibers. When the factor of use dependence entered-as when fibers were driven at more rapid rates-again, the change that occurred was greater for adults. Although the time to steady state for the adult fibers was significantly shorter than that for young fibers, statistically, the actual number of beats required did not differ greatly (one for the adult and three for the young). These small differences may be quite important pharmacologically: for example, in the clinical situation where an arrhythmia is induced by single early extrasystoles, it might be suppressed far more readily in the adult (in whom steady state reduction is attained in one beat) than in the young (in whom three beats are required before the steady state is reached). The extent to which an age-dependent difference might be expected here would be further modified by both the prematurity of the extrasystole and its site of origin.
The effects of lidocaine on membrane responsiveness and on steady state Vm>% during K + -induced depolarization did not appear to vary with age. In the study of membrane responsiveness, the curve for adult fibers with long action potential durations was depressed to a greater extent than the curves for young fibers or adult fibers with short action potential durations (Fig. 4) . In those studies of V^x in which repolarization was not a variable (Fig. 5) , the curves relating V max to membrane potential did not differ.
Lidocaine is believed to accelerate repolarization through its effect on the so-called "window current" (Colatsky, 1982; Carmeliet and Saikawa, 1982) that is presumably carried by Na + (Attwell et al., 1979) . Lidocaine has a greater effect on repolarization in fibers having long action potential durations (Wittig et al., 1973; Mary-Rabine and Rosen, 1978) . This is consistent with a different magnitude of window current in fibers having different durations of repolarization. We must stress, however, that factors such as age-related differences in K + conductances on repolarization (Reder et al., 1981) -which would affect not only the duration of the action potential, but also V max , independently of changes in the fast inward Na + current-were not studied here, and may contribute to our results as well.
The final area to be considered is the effect of lidocaine on recovery kinetics of V max . In Figure 7 , we showed that the time constant for recovery for fibers from young animals was significantly less than that for adults, regardless of action potential duration. We must stress that, based in part on the initial durations of the action potentials, as well as the effect of lidocaine to shorten the durations of these action potentials (see Tables 1 and 2) , the diastolic intervals studied in the presence of lidocaine were comparable for the three groups of fibers. The time constant for the young fibers was significantly shorter than those for the older groups which suggests that the difference in recovery from inactivation is an age-related rather than a repolarization-related variable.
In summary, we have found a much shorter time constant for recovery of V max during lidocaine superfusion in young than in adult Purkinje fibers (Fig.  7) . At the same time, the equilibration of drug with the fast channel (see Fig. 3 ) appears slower in the young fibers (although the physiological importance of this difference appears small and may be further influenced by the time to equilibrium of the action potential duration). Moreover, we are unable to identify any differences that may be related to the inactivated channel. These results were seen, despite the fact that for the young and the adult subendocardial fibers, the voltage-time course of repolarization was nearly superimposable. These observations suggest there was little or no difference in the amount of time available during the plateau for the block of inactivated channels. Our results suggest that the lesser use-dependent effect of lidocaine on the young fiber may result from its more rapid "unbinding" from receptor sites in the young than in the adult.
We must emphasize that, in the usual situation, the Purkinje fiber of the young dog would be expected to have a lower membrane potential and V max than that of the adult dog (Reder et al., 1981) . Even in the face of these differences (which might lead one to anticipate a greater depressant effect of lido-caine on V ma)l in the young), the magnitude of the frequency-dependent effect on the adult fiber is still greater than that in the neonate (Mary-Rabine and Rosen, 1978) . This suggests that the relatively small differences in membrane potential and V max between the young and the adult are not sufficient to modify the differences in use-dependent effects of lidocaine on the fast channel.
Finally, in discussing the basis for age-dependent changes in the effects of lidocaine, it is useful to consider some other variables that might modify drug effect. One factor that might modify the development of use-dependent and tonic block is the solubility of a drug in the membrane. Lipid solubility plays a major role in the accumulation of drug in the membrane and in the rate at which sodium channels recover from block (Courtney, 1980) . Moreover, both charged and uncharged forms of local anesthetic amines may be incorporated into lipid membranes (Surewicz and Leyko, 1982) . In studies of age-related differences in membrane lipoproteins, it has been shown that calf erythrocyte membranes tend to have less polyunsaturated fatty acids and more saturated acids than those of the adult (Thiele et al., 1979) . The degree of unsaturation, in turn, conditions the permeability of the membrane (Van Deenen and DeGier, 1974) . If this is true in cardiac preparations, receptor sites in adult fibers might bind lidocaine in both its charged and uncharged forms more readily than those in young fibers. Another factor on which one might speculate is that lidocaine-which has been shown to modify the surface charge on cell membranes (McLaughlin, 1975) -may do so differently in the young and the adult, thereby contributing to the age-related changes seen. This possibility remains to be explored.
